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Variability on all time scales between seconds and decades is typical for cataclysmic variables (CVs). One of the brightest
and best studied CVs is TT Ari, a nova-like variable which belongs to the VY Scl subclass, characterized by occasional
low states in their light curves. It is also known as a permanent superhumper at high state, revealing “positive” (PS >
P0) as well as “negative” (PS < P0) superhumps, where PS is the period of the superhump and P0 the orbital period.
TT Ari was observed by the Canadian space telescope MOST for about 230 hours nearly continuously in 2007, with a time
resolution of 48 seconds. Here we analyze these data, obtaining a dominant “negative” superhump signal with a period PS
= 0.1331 days and a mean amplitude of 0.09 mag. Strong flickering with amplitudes up to 0.2 mag and peak-to-peak time
scales of 15–20 minutes is superimposed on the periodic variations. We found no indications for significant quasi-periodic
oscillations with periods around 15 minutes, reported by other authors. We discuss the known superhump behaviour of
TT Ari during the last five decades and conclude that our period value is at the upper limit of all hitherto determined
“negative” superhump periods of TT Ari, before and after the MOST run.
c© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
1 Introduction
Cataclysmic variables (CVs: Warner 1995, Hellier 2001)
are ideal objects to study the physics of accretion: com-
pared with other accreting objects the dynamical time-scale
on which accretion proceeds is relatively short and thus
more tractable. Time-dependent variations of CVs open the
possibility to study different mass transfer and accretion
conditions within the same binary configuration, a “natu-
ral laboratory” for accretion disk physics. However, long-
term earth-bound observations often suffer from necessary
gaps in coverage and, therefore, biases in any period de-
termination. The Microvariability and Oscillations of STars
(MOST) satellite offers a unique possibility to avoid this
problem, due to its uninterrupted observing mode over sev-
eral weeks.
One of the most enigmatic characteristics displayed by
many CVs is the so-called “superhump phenomenon”, cor-
? Corresponding author: e-mail: nikolaus.vogt@uv.cl
responding to periodic variations with amplitudes of about
≤0.2 mag and periods PS a few percent different from
the orbital binary period P0. Although this behaviour has
been known for several decades, there is still no convinc-
ing explanation for it. Superhumps were first detected in
SU UMa type dwarf novae (Vogt 1974; 1980), but some-
times they are also observed in nova-like stars (“permanent
superhumpers”; Patterson 1999). While dwarf novae show
mostly superhump periods a few percent longer than the or-
bital period (PS > P0 positive superhumps), in nova-like
stars we find positive as well as negative (PS < P0) super-
humps, sometimes even in the same star. This is the case for
TT Ari.
TT Ari was observed by MOST in 2007 for a total of
10 days. Only a brief conference proceedings report (Wein-
grill et al. 2009) and a popular article in the German journal
“Sterne und Weltraum” (Kleinschuster & Weingrill 2011)
have been published so far, based on these observations. The
present article re-analyzes these MOST data, with the aim
c© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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of contributing towards a better understanding of the super-
hump phenomenon.
2 TTAri, a permanent superhumper
Being a nova-like CV with a high accretion rate, TT Ari is
one of the brightest CV stars in the sky. It belongs to the
particular sub-class of VY Scl-stars, characterized by occa-
sional fadings in brightness by several magnitudes. During
these “low states” TT Ari can be as faint as 16 th mag, while
its normal brightness in the V band is about 10.5 mag (“high
state”). During past decades, these low states repeated every
20 to 25 years and can last between 500 and more than 2000
days, including decline and rise.
The visual flux of TT Ari is dominated by the radia-
tion of the accretion disk which surrounds the white dwarf.
From spectroscopic observations of this disk, Wu et al.
(2002) derived a precise orbital period (P0 = 0.13755040±
1.7 · 10−7 days), a mass ratio of red to white dwarf of
0.20± 0.03 and an orbital inclination of 29 ± 6◦.
Of special interest is the photometric behaviour of
TT Ari, rather well documented during the past five decades.
The low inclination is compatible with there being no
eclipses, humps, ellipsoidal variations or other manifesta-
tions varying with orbital phase. However, several authors
have reported varying superhump periodicities, in particular
negative superhumps between 1961 and 1996, positive su-
perhumps between 1997 and 2004 and again negative super-
humps after 2005. A detailed discussion of this behaviour
during the last 5 decades is given in section 6.
3 MOST observations
MOST is a Canadian space telescope designed for aster-
oseismology, but also well-suited to observe any kind of
variable stars (V < 12mag) at all time scales between a
few minutes and several weeks. The satellite was launched
on 2003 June 30 into a polar, Sun-synchronous circular or-
bit with altitude 850 km and orbital period 101.4 minutes.
It carries a 15-cm Rumak-Maksutov telescope with a sin-
gle broadband optical filter (350 to 750 nm, centered at 525
nm) attached to a CCD photometer. Its orbit permits unin-
terrupted monitoring of targets around the celestial equator
(−19◦ ≤ δ ≤ +36◦).
TT Ari was observed by MOST for a total of 10 days,
between 2007 October 24 and November 3. Individual ex-
posures were 3.03 seconds each with 16 consecutive images
stacked on board the satellite, giving a time interval between
co-added measurements of 48.5 seconds. Each data point
was converted into magnitude scale and the general mean
value of all measurements during the 10 days run served as
the zero point of this magnitude scale. For details on the ob-
servation and data reduction procedure of MOST data, see
Rowe et al. (2006).
4 The superhump ephemeris
The MOST light curve is dominated by periodic super-
hump variations, with pronounced maxima coherent over
the entire observing run. The total amplitude of these varia-
tions varies between 0.10 and 0.15 mag. The maxima are
normally rather broad while there are often well-defined
narrow minima about half-way between subsequent super-
hump maxima. Figure 1 shows some excerpts of the origi-
nal MOST light curve. A total of 53 maxima and 49 minima
are listed in Table 1, determined by visual inspection of the
light curve. The maxima are given only to three digits, be-
cause superimposed flickering does not allow any more ac-
curate determination. Minima are normally narrow and well
defined; they are listed to four digits. In both cases the un-
interrupted observing mode allowed a unique assignment of
cycle count numbers E.
A linear least squares’ fit of the moments of maxima
reveals
HJD(max) = 2454397.217(4) + 0.13305(8) E
(1)
with a standard deviation of 0.013 days. The corresponding
ephemeris for the minima is
HJD(min) = 2454397.151(3) + 0.13309(6) E
(2)
with a standard deviation of 0.009 days. The smaller error
of period and standard deviation of the minima is in accor-
dance with their better definition and shorter duration com-
pared to the maxima. There is no significant difference be-
tween the periods in (1) and (2); the shift in the zero points
implies a slight asymmetry of the superhump light curve,
with the minima occuring on average at phase 0.58 of the
superhump maximum ephemeris (1). The number of entries
in Table 1 is smaller than the total number of cycles covered
by MOST. Even if we take account of two minor gaps in the
coverage of about 0.35 days (= 2.6 cycles of TT Ari), only
76% of the maxima and 71% of the minima expected from
the ephemeris could be identified and listed in Table 1. This
reflects rather strong variability in the light curve shape of
individual cycles, while the overall periodicity is rather sta-
ble. There is no indication for any significant change of the
superhump period within the MOST observing run.
Superimposed on these periodic variations there is a
pronounced flickering with typical amplitudes of 0.1 mag
and peak-to-peak time scales between 15 and 20 minutes
(see Figure 1). Part of this flickering seems to be similar to
the quasi-periodic oscillations (QPOs) with periods around
20 minutes (Kraicheva et al. 1999). However, they are not
strictly periodic, as shown by the detailed analysis presented
in the next section.
5 Frequency analysis
For a detailed analysis of the periodicities at different time
scales we have used the Fourier methods as applied to the
c© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.an-journal.org
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MOST data of the WN5-6b star WR 110 (HD 165688) by
Chene´ et al. (2011). First we determined slow variations,
calculating the means in time bins of 0.5 days (Figure 2,
upper panel). The corresponding residuals (Figure 2, lower
panel) have been analyzed performing a search for signif-
icant signals at frequencies over a range from 2/10 d−1 to
2/1634 d−1 (= 2/50 s−1) with a step of 0.0051 d−1, re-
specting the Nyquist criterion of our run of 10 days du-
ration and about 50 seconds time resolution. This corre-
sponds to a range between 2.3µHz and 1.4 × 10−2µHz
with a step of 5.9 × 10−2µHz. Figure 3 (lower panel)
shows the resulting Fourier amplitude spectrum which is
dominated by the superhump signal at 7.513 ± 0.002d−1
(= 86.96±0.02µHz) and its harmonics at 15.025±0.03d−1
and 30.050±0.001d−1 (= 173.90±0.03µHz and 347.80±
0.01µHz, respectively). Note that none of these frequencies
fall within or close to the modulation of stray light with
the 0.07 d (forb = 14.20 d−1 = 164.35µHz) MOST orbital
period and its harmonics. The closest is the first harmonic
of the superhump which is as far as 0.8 d−1, which is not
even close to a modulation sidelobe (see the top panel of
Figure 3). The superhump period 0.133103± 0.000036 d is
identical with the values derived in (1) and (2) in the previ-
ous section, considering their errors.
Figure 4 shows the phased light curve using the above
period. The smoothed superhump light curve (in phase bins
of 0.05) reveals a rather complex variability with a consid-
erable scatter and with mean total amplitude of 0.09 mag.
The minimum occurs around phase 0.6, in accordance with
the phase difference between eq. (1) and (2).
In Figure 6 this mean superhump light curve is super-
imposed on the data (upper panel). The resulting residuals
(lower panel) have been analyzed for other signals up to
300 d−1, or 288 Hz, (insert in the upper panel of Figure 7),
and up to 40 d−1, or 2160 Hz, (Figure 7, upper panel). Both
Fourier spectra show only noise with very low amplitude.
In order to search for time-dependent signals, we applied
8-day running windows in time in the Fourier amplitude
spectra vs. time (Figure 7, lower panel). There are three
transient signals with marginal significance:
f1 = 1.204± 0.002d−1, S/N= 3.36
(= 13.93± 0.02µHz, P = 0.831 d)
f2 = 1.321± 0.002d−1, S/N= 3.05
(= 15.29± 0.02µHz, P = 0.757 d)
f3 = 3.884± 0.002d−1, S/N= 2.81)
(= 44.95± 0.02µHz, P = 0.257 d)
Our frequency analysis did not reveal any evidence for
quasi-periodic oscillations (QPOs) in the period range 15
– 30 minutes (48 – 96 d−1, or 556 – 1111 µHz), with an
upper limit of mean semi-amplitude of 0.25%. Neither dur-
ing the entire run, nor in limited time intervals, could we
identify significant QPOs. Kim et al. 2009 found occasional
QPOs with mean semi-amplitudes between 1.4 and 8.2%
in the period range between 10 and 27 minutes, which ap-
parently were not present in our MOST observations. They
only show random variability in typical time scales of a
about 10–20 minutes with amplitudes up to 0.1 mag (flick-
ering).
6 Discussion
Photometric variability of TT Ari with time resolution of
a few minutes has been occasionally observed for more
than 5 decades. A historical record of superhump period-
icities was listed in Table 3 of Tremko et al. (1996). Ac-
cording to this, TT Ari had negative superhumps between
1961 and 1978, with periods between 0.1326 and 0.1329 d.
In May 1979 it entered into a low state phase which lasted
6 years in total, ending in May 1985. Between 1986 and
1996 several authors (Skillman et al. 1998; Andronov et al.
1999; Kraicheva et al. 1999) again observed negative super-
humps with periods between 0.13276 and 0.13298 d. After-
wards, TT Ari switched to positive superhumps, with peri-
ods ∼0.149 d before the end of 1997 and maintained them
at least till December 2004 (Skillman et al. 1998; Wu et al.
2002; Andronov et al. 2005). In October 2005 the negative
superhumps had reappeared: Kim et al. (2009) determined
at the beginning of 2006 that the period, PS = 0.132322 ±
0.000053 d, was significantly smaller than any other period
observed before. Only 19 months after Kim et al. (2009)’s
observations were the MOST data presented here obtained,
with PS = 0.133010 ± 0.000036 d, much larger than Kim
et al’s value. In July 2009, 20 months after the MOST ob-
servations, TT Ari entered into a new low state, returning
to its normal brightness in January 2011. Afterwards and in
the following 2012 season TT Ari was observed by many
AAVSO members, including time-resolved CCD photome-
try. A preliminary analysis of these data reveals a rather sta-
ble superhump period PS = 0.132883±0.000003 d (Vogt et
al. in preparation), within the range of the historical obser-
vations between 1961 and 1988. Therefore, the superhump
period presented here for October/November 2007 is larger
than any other value known before or after the MOST run.
Perhaps there is some stronger variation in PS during the
last few years before TT Ari entered into a low state, while
much more stability is achieved during the time after return-
ing to its normal brightness.
The current theoretical view on the superhump phe-
nomenon can be summarized in the following way: Pos-
itive superhumps are probably due to development of an
eccentric configuration in the accretion disk, but a mech-
anism for generating the superhump light is still under de-
bate, for instance the periodic variation in the infall distance
of the mass-transfer stream (Vogt 1982) or the periodic tidal
stresses in the disk (Whitehurst 1988). The excitation of
negative superhumps must have another mechanism, arising
perhaps from a different type of precessional motion: the ac-
cretion disk wobble (Skillman et al. 1998). If something can
drive the disk out of the orbital plane, then the torque from
the secondary will cause the disk to wobble backward; the
www.an-journal.org c© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Fig. 1 A selection of typical sub-sections of the MOST
light curve of TT Ari. The magnitude scale is marked in
units of 0.1 mag, with arbitrary zero points. The numbers
indicate HJD-2450000 of the first data point of each light
curve. A remarkable flickering activity with typical ampli-
tudes of 0.1 mag and peak to peak time scales of 15–20 min-
utes is superimposed on the much slower superhump vari-
ability.
nodes will regress, causing the geometry between disk and
secondary to recur on a period slightly less than P0. There is
a way to test this photometrically in TT Ari: a search for the
expected nodal-precession signal at ∼4.2 days, the beat pe-
riod between P0 and PS of negative superhumps. However,
the total duration of our MOST run of only 10 days (∼2
beat periods) may be too short for a significant detection of
such a signal. Fortunately, we were successful in getting a
new MOST light curve in 2012 that spans over 38 days of
nearly contiguous observations. This new light curve will be
presented and analyzed in a forthcoming paper.
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Fig. 2 Upper panel: Raw MOST light curve of TT Arietis.
The red central line shows means in time bins of 0.5
days. Lower panel: Prewhitened light curve, using the mean
curve showed in the upper panel to subtract low frequency,
stochastic-like variations.
Fig. 3 Upper panel: Window function of the MOST ob-
servations. Lower panel: Fourier amplitude spectrum of the
prewhitened MOST light curve in Figure 2. The 7.513 d−1
(= 86.96µHz) superhump frequency is marked by an arrow.
Harmonics at 15.025 d−1 (= 173.90µHz) and 30.050 d−1
(= 347.80µHz) are also visible. Red dotted lines mark the
MOST orbital frequency (forb = 14.20 d−1 = 164.35µHz)
and its highest sidelobes. The periodogram is marked in
both amplitude (mag) and Power Spectrum Density (PSD)
units.
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Table 1 Superhump maxima and minima in the MOST
light curves of TT Ari.
E HJD - 2454000 E HJD - 2454000
(Max.) (Min.) (Max.) (Min.)
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10 - 398.495 47 403.476 403.414
11 398.692 398.636 48 403.602 403.551
12 398.816 - 49 403.767 403.678
13 398.939 - 50 - 403.811
14 399.068 399.036 52 404.099 404.092
15 399.224 399.162 53 404.293 -
16 399.359 399.287 54 404.428 404.371
17 399.470 399.433 56 404.669 404.623
18 - 399.564 58 404.928 404.872
21 400.041 - 59 405.075 405.016
23 400.283 - 60 405.197 405.135
24 400.415 400.367 61 405.348 -
25 400.539 - 62 405.484 405.426
26 400.702 400.641 63 - 405.550
28 400.956 400.902 64 405.726 405.690
29 - 401.031 65 405.872 -
30 401.231 - 66 405.997 405.951
31 - 401.295 67 406.147 406.074
32 401.469 - 68 406.256 406.217
33 - 401.550 69 406.387 -
34 401.746 401.680 70 406.555 406.482
35 - 401.816 71 406.663 -
36 402.030 401.965 72 406.795 406.744
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